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SPECIFICATION 

DYNAMIC RAM-AND SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

[0001] This invention relates to a dynamic random access memory 

. (RAM) and a semiconductor device and more particularly, the invention relates to an 
effective technique using a so-ca:lled one cross point method where a dynamic miemory 
cell is arranged at a cross point of a word line and a bit line. 

[0002] According to a search conducted after this invention was made, 

some publications which might be related to the technology of the present invention, to 
be described later as an open bit line type (or one cross point method) dynamic RAM, 
were found, including Japanese Patent Laid-Open No, 206991/1988 (related art 1, 
hereinafter), Japanese Patent Laid-Open No. 13290/1989 (related art 2, hereinafter), U.S. 
Patent No. 5,608,668 (related art 3, hereinafter), and Japanese Patent Laid-Open No. 
41081/1993 (related art 4, hereinafter). According to related arts 1 and 2, one sense 
amplifier is fitted into a pitch for two bit lines by positioning sense amplifies alternately, 
based on the open bit line method (one-cross point method). According to related arts 3 
and 4, there is provided a circuit achieving, based on an electrical model which is 
substantially the same as a bit line, for achieving a reference voltage required for an 
operation by a sense amplifier provided at an end portion in a case where sense 
amplifiers are positioned alternately for more efficient use of a chip area, as in the related 
arts 1 and 2. 

SUMMARY OF THE INVENTION 

[0003] Due to process variations, which will increase with an increase in 
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micronization of elements, operational conditions are expected to differ largely between 
a sense-amplifier at the end portion and a sense amplifier to which bit lines are equipped 
on both sides. Thus, according to reviews by the inventor hereof, it was found that the 
heed for operational stability will become more and more important. In the related arts 1 
and 2, no considerations are made for the arrangement at the end portion in a case where 
sense amplifiers were arranged altemately with respect to the bit lines. 

[0004] Further, a cost reduction has been desired for the dynamic RAM 

(DRAM, hereinafter). In order to achieve such a cost reduction, reducing the chip sizes 
may be the most effective answer. The size of a memory cell has been reduced by 
promoting its micronization. However, it will be necessary to further reduce the cell size 
by changing the operating method of memory arrays from now on. By changing the 
memory array operating method from the two cross point method to the one cross point 
method, the ceil size can be reduced 75% ideally based on the same design rule. In order 
to achieve a cell size reduction more effectively, the inventor hereof considered effective 
uses of memory cells provided at the end portion and the reduction of their area of 
occupation when the sense amplifiers are arranged altemately in the memory array 
according to the one cross point method as described above. 

[0005] It is an object of the present invention to provide a DRAM and a 

semiconductor device based on the one cross point method which can achieve an 
improvement of operational margins and a reduction of the chip area. The above and 
other objects and new features of the present invention will be apparent firom the 
description in this specification and the accompanying drawings. 

[0006] An outline of a typical aspect of the present invention disclosed 

herein may be described in brief as follows. There is provided a plurality of memory 
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mats, including a plurality of bit lines, a plurality of word lines, and a plurality of 
memory cells coupled to the plurality of bit lines and the plurality of word lines, the 
plurality of memory mats being placed in the direction of a bit line, and a sense amplifier 
array including a plurality of latch circuits are provided in areas between the memory 
mats placed in the bit line direction, respectively, a pair of input/output nodes of which 
are connected to half of the bit lines provided in the memory mats. In this case, for a 
general memory mat, other than both end portions in the bit line direction, the word lines 
in any oiie of the memory mats are activated, while, for end memory mats provided on 
both end portions in the bit line direction, the word lines of both memory mats are 
activated together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic layout diagram showing one embodiment of 

a DRAM to which the present invention is applied; 

[0008] FIGS. 2A and 2B are diagrams schematically showing one 

embodiment of the memory mats of the DRAM according to the present invention; 

[0009] FIG. 3 A diagrams schematically shows one embodiment of a 

memory cell array in the DRAM according to the present invention, and FIG. 3B is a 
section view taken along line A-A' in FIG. 3 A; 

[0010] FIGS. 4A, 4B and 4C are diagrams schematically showing one 

embodiment of a word system control operation of the DRAM according to the present 
invention; 

[001 1] FIGS. 5 A and 5B are schematic circuit diagrams showing one 

embodiment of a main word driver, MWD, of the DRAM according to the present 
invention; 
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[0012] FIGS* 6A, 6B and 6C are diagrams schematically showing another 

embodiment of the word system control operation of the DRAM according to the present 
invention; 

[0013] FIG. 7 is a schematic circuit diagram showing one embodiment of 

a sens e amplifier portion of the DRAM according to the present invention; 

[0014] FIGS. 8 A and 8B are schematic circuit diagrams showing one 

embodiment of a row system selector circuit of the DRAM according to the present 
invention; 

[00 1 5] FIGS. 9A and 9B are waveform diagrams showing operations of 

the row system selector circuit of FIGS. 8 A and 88; 

[0016] FIG. 10 is a block diagram showing one embodiment of an I/O 

circuit of the DRAM according to the present invention; 

[0017] FIG. 1 1 A and 1 IB are schematic circuit diagrams showing one 

embodiment of an I/O circuit of the DRAM according to the present invention; 

[001 8] FIG. 12 is a block diagram showing another embodiment of an I/O 

circuit of the DRAM according to the present invention; 

[0019] FIGS. 13A and 13B are schematic diagrams showing one 

embodiment of a bit line configuration on end mats in the DRAM according to the 
present invention; 

[0020] FIG. 14A is an equivalent diagram of FIG. 13B, and FIGS. 14B 

and 14C are waveform diagrams showing a read-out and select operation of a folded type 
end mat of FIG. 14 A; 

[0021] FIG. 15 is a schematic circuit diagreun showing one embodiment 

of a sense amplifier control circuit in the DRAM according to the present invention; 
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[0022] FIGS. 16A and 1 6B are diagrams showing one embodiment of the 

folded type end mat in the D according to the present invention; 

[0023] FIGS. 17A and 17B are cross section views showing one 

embodiment of the folded type end mat as seen along lines l-l* and 2-2* of FIGS. 16A 
and 16B, respectively; 

[0024] FIG. 1 8 is a schematic diagram showing another embodiment of a 

bit line configuration of the end mat in the DRAM according to the present invention; 

[0025] FIG. 1 9 is a schematic diagram showing another embodiment of 

the bit line configuration of the end mat in the DRAM according to the present invention; 

[0026] FIG. 20 is a schematic layout diagram showing one embodiment of 

the DRAM to which the present invention is applied; 

[0027] FIG. 21 is a magnified view of end mats and general mats adjacent 

thereto in a memory bank BANK 1 shown in FIG. 20; 

[0028] FIG. 22 is a schematic circuit diagram showing one embodiment 

of an FX driver and a sub- word driver according to the present invention; 

[0029] FIG. 23 is a layout diagram showing one embodiment of the FX 

driver and the sub-word driver according to the present invention; 

[0030] FIG. 24 is a schematic layout diagram showing another 

embodiment of the DRAM according to the present invention; and 

[003 1 ] FIG. 25 is an overall block diagram showing one embodiment of 

the DRAM according to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0032] FIG. 1 is a schematic layout diagram of one embodiment of a 

dynamic RAM, DRAM, to which the present invention is applied. In FIG. 1, a main part 
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is emphasized among individual circuits constituting the DRAM to which the present 
invention is applied, and it is formed over one semiconductor substmte of single crystal 
silicon based on known technology for manufacturing a semiconductor integrated circuit, 
for example. 

[0033] In this embodiment, a memory array can be divided into, but not 

limited to, four parts as a whole. They can be separated to the left and the right with 
respect to the longitudinal direction of a semiconductor chip. Provided on a center part 
14 are an address input circuit, an input/output interface circuit having a data input/output 
circuit and a bonding pad array and power supply circuits including step-up and 
step-down circuits. A memory array control circuit (AC) 1 1 and a main word driver 
(MWD) 12 are positioned in a part contact with the memory arrays on both sides of the 
center part 14. The memory array control circuit 1 1 has a control circuit and a main 
amplifier for driving a sub-word select line and/or a sense amplifier. A column decoder 
area (YDC) 13 is provided at a vertical center part about the longitudinal direction in 
each memory array divided into four, that is, two above and two below or two on the left 
and two on the right, with respect to the longitudinal direction of the semiconductor chip, 
as described above. 

[0034] In each of the memory arrays, the main word driver 12 forms 

select signals for a main word line which extends through one corresponding memory 
array. A driver for a sub-word select line for sub-word selection is provided in the main 
word driver area 12 and generates a select signal for the sub- word select line which 
extends in parallel with the main word line, as will be described later. The column 
decoder 13 generates a select signal for a column select line which extends through one 
corresponding memory array. 
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[0035] Each of the memory arrays is divided into a plurality of memory 

cell arrays (memory mats, hereinafter) 15. As shown in its magnified view, the memory 
mat 15 is formed so as to be surrounded by sense amplifier areas 16 and sub-word driver 
areas 17. A part where the sense amplifier area 16 and the sub- word driver area 17 cross 
is called a cross area 18. A sense amplifier provided in the sense amplifier area 16 is 
constituted by a latch circuit in the CMOS configuration and is of a so-called one cross 
point method or open bit line type, which amplifies signals of complementary bit lines 
extended to the right and the left with respect, to the sense amplifier. The sense 
amplifiers are positioned alternately with respect to the bit lines. Thus, the bit line 
provided in the memory mat is divided in half and allocated alternately to two sense 
amplifier arrays sandwiching them. 

[0036] One memory mat 15 shown in the magnified view includes 512 

sub- word lines (word lines) and 1024 data lines, that is one of the complementary bit 
lines orthogonal to them. In one of the memory arrays, 32 memory mats 15 are provided 
as regular mats and two memory mats 15 are provided as redundant mats in the direction 
the bit lines extend. Since the redundancy memory mats, or end memory mats, have half 
of the memory cells, as will be described later, two end memory mats are needed to be 
equivalent to one. The end memory mats may be used for reference. In this case, one 
memory mat is allocated for redundancy. 

[0037] Since the memory mat 15 is provided with a pair of 

complementary bit lines with the sense amplifier 16 as its center, the bit lines are divided 
essentially into 16 by the memory mats 15 in the bit line extending direction. Further, 
four of the memory mats 1 5 are provided in the word line extending direction. Thus, in 
the word line extending direction, the sub-word line is divided into four by the memory 
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mats 15. 

[0038] In one memory mat 15, there are provided 1024 bit lines, except 

for the end memory mats, and, therefore, memory cells equal to about 4K are connected 
thereto in the word line direction. Further, there are provided 512 sub-word lines, and, 
therefore, memory cells equal to 512 x 32 = 16 K are connected thereto in the bit line 
direction. Accordingly, one memory array has a memory capacity that amoimts to 4K x 
I6k = 64M bits, and so four memory arrays have a memory capacity that amounts to 4 x 
64M=256Mbits. 

[0039] It should be understood that the term "MOS" herein originally and 

simply refers to a metal oxide semiconductor configuration. However, these days, the 
term MOS generally includes a device in which the metal of essential parts of a 
semiconductor deyice is replaced by a non-metal electrical conductor, such as 
poly-silicon, or where an oxide is replaced by another insulator. Also, the term CMOS, 
is understood as having a wide technical meaning depending on the variation of what 
MOS refers to, as described above. The term MOSFET is also imderstood as having a 
wide meaning. Virtually, the term MOSFET has recently become understood as 
including a configuration in a broad sense, which can be considered as an insulating gate 
field effect transistor. The terms CMOS and MOSFET herein are based on those general 
meanings. 

[0040] FIGS. 2A and 2B show diagrams of one embodiment of memory 

mats of a dynamic RAM, DRAM, according to the present invention. FIG* 2A shows 
circuits corresponding to two memory mats MATO and MATl equipped in a hierarchical 
word line method DRAM as shown in FIG. 1 . FIG. 2B shows a layout corresponding to 
them. In FIG. 2 A, a memory cell MC including a MOSFET and a cell storage CS is 
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connected to each of all cross points of a bit line BL and a sub-word line WL. A sense 
amplifier SA is connected to the bit line BL, while a sub-word driver S WD is connected 
to the word line WL. 

[004 1 ] In this embodiment, in order to reduce t e number of main word 

lines, or in other words, in order to moderate the wiring pitch of the main word line, four 
sub- word lines in the direction of the complementary bit line, but not limited thereto, are 
positioned for one main word line, as will be described later. A sub- word select driver is 
positioned in the direction of the main word line in order to select one sub-word line 
among those sub- word lines, which are divided in two in the main word line direction, as 
shown in FIG. 1 , and four of which are al located toward the complementary bit line 
direction, respectively. The sub-word select driver forms a select signal for selecting one 
from four sub-word select lines which extend toward the direction of the sub-word driver 
arrangement (sub-word driver array SWDA). The main word line MWL is extended in 
parallel with the sub-word line WL, not shown. The column select line YS is positioned 
in peurallel with the bit line BL extended direction orthogonal thereto, not shown. 

[0042] Sense amplifiers SA in a sense amplifier array SAA provided 

between the two memory mats, MATO and MATl, are connected to the complementary 
bit lines extending to both sides of the two memory mats, MATO and MATl . One sense 
amplifier SA of these sense amplifiers SA is positioned for, but not limited to, each two 
bit lines in the sense amplifier array SAA. Therefore, in case there are 1024 bit lines BL 
as indicated above, 51^ (half of 1024) sense amplifiers SA are provided in the sense 
amplifier array SAA provided between the memory mats MATO and MATl. 

[0043] In the memory mat MATO, the remaining 5 12 bit lines are 

connected to the sense amplifiers SA provided.in the sense amplifier array SAA, which is 
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the opposi.te side of the memory mat MATl. hi the memory mat MATl, the remaining 
S 12 bit Hnes are connected to the sense ampUfiers SA provided in the sense amplifier 
array SAA provided in the opposite side of the memory mat MATO. When sense 
amplifiers SA are distributed on both sides in the bit line direction, one sense amplifier 
may be formed for every two bit lines separately and alternately on both ends thereof. 
Thus, the sense amplifier S A and the bit line BL can be matched in pitch in order to form 
memory mats and sense amplifier arrays with higher density. 

[0044] This is the same in the sub- word driver S WD. 512 sub-word lines 

WL provided in the memory mat MATO are divided into 256 each and connected to the 
256 sub-word drivers S WD in the sub-word driver array SWDA positioned on both sides 
of the memory mat MAT. In this embodiment, two sub-word lines WL are used as one 
pair and every two sub-word drivers SWD are distributed. In other words, the sub-word 
lines corresponding to two memory cells, which have a common connection portion to 
the bit lines, are used as one set and two sub- word drivers are positioned at one end of 
the memory mat MATO (upper side of FIG. 2 A). Two sub- word lines similar to the 
above and adjacent to them are also used as one set and positioned at the other end of the 
memory mat MATO (lower side of FIG. 2A). 

[0045] The sub-word driver SWD, not shown, generates a select signal for 

the sub-word line of the memory mats provided on both sides sandwiching the sub-word 
driver array SWDA in which the sub-word driver SWD is formed. Thus, the sub- word 
driver SWD may be distributed efficiently based on the sub- word line formed in 
accordance with the memory cell arrangement pitch. Further, the sub- word line WL can 
be selected faster. 

[0046] A memory cell MC is formed at each cross point of a bit line BL 
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and a sub-word line WL in the memory cell arrays (or memory mats) MATO and MATl 
surrounded by the sub-word driver array SWDA and the sense amplifier array SAAL for 
example. In the memory mat MATO in which each of the memory cells MC is formed, 
as shown in FIG. 2B, an upper electrode (plate electrode) PL in the storage capacitor CS 
is a flat electrode formed commonly in all of the memory cells MC within the memory 
mats MATO and MATl. The plate electrode PL is fed at the border of the sub- word 
driver array SWDA and memory mats MATO, MATl from a power supply wiring VPLT 
wired in the bit line BL extending direction through the connection point PLCT. In FIG. 
2A, the storage node SN is a bottom electrode of the storage capacitor CS and the 
connection point with an address select MOSFET is shown. 

[0047] In this embodiment, as shown in FIG. 2B, the plate electrodes PLO 

and PLl as above formed in the memory mats MATO, MATl, respectively, which exist 
on both sides of the sense amplifier array SAA are connected to each other through a 
wire PLSA using the plate layer itself. Further, a plurality of wires PLSA are provided 
through the sense amplifier array SAA in order to reduce the resistance between the two 
plate electrodes PLO and PLl significantly. Thus, when micro-signals read out from the 
memory cell MC selected between the complementary bit lines BL of the memory mats 
MATO and MATl are amplified by the senise amplifier SA, noises which have opposite 
phases relative to each other generated in the plate electrodes PLO and PLl can be 
canceled rapidly, which allows for a significant reduction of the noises caused in the 
plate electrodes PLO and PLl. 

[0048] FIGS. 3A and 3B show illustrative diagrams of one embodiment 

of,a memory cell array in a DRAM according to the present invention. FIG. 3 A shows a 
layout of memory cell arrays in two memory mats MATO and MATl . FIG. 3B shows an 
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element cross section taken on line A-A' in Fig. 3 A. In FIG* 3A, layout and cross section 
of a sense amplifier SA area provided between the MATO and MAT I are omitted. 

[0049] The memory cell array includes active regions ACT of the 

MOSFET, a connection point (contact) SNCT for connecting between a storage node SN 
of the memory cell and a source/drain diffusion layer corresponding to the storage node 
SN of the MOSFET formed in the active region ACT, and a connection point (contact) 
BLCT for connecting between a bit line BL and a source/drain diffusion region 
corresponding to an input/output terminal of the memory cell corresponding to the bit 
line BL of the MOSFET formed in the active region ACT. The structure shown in FIG. 
3B further includes a capacitance insulating layer of a memory capacitor. Here, a first 
mdtal layer Ml and a bit line BL are in the same wiring layer and a first poly-silicon layer 
FG and a sub- word line WL are on another wiring layer 

[0050] As shown in FIG. 3B, the plate electrode PL of the memory mats 

MATO and MATl provided on both sides of the sense amplifier SA does not terminate 
on the sense amplifier SA, but is connected through an electrode itself constituting the 
plate electrode PL. Thus, the resistance between the plate electrode PL of the memory 
mat MATO and the plate electrode PL of the memory mat MATl can be reduced 
significantly. The COB (Capacitor over Bitline) structure is used for the memory cell. 
That is, a storage node SN is provided on the bit line BL. Thus, the plate electrode PL is 
not divided in the memory mat MAT by the bit line BL and the connection point BLCT 
of the address select MOSFET, and one flat plane can be formed. Therefore, the 
resistance between the plate electrodes can be reduced. 

[005 1 ] In this embodiment, as shown in FIG. 3B, the plate electrode PL is 

advantageously a stacked layer structure, such as the PL (D) and PL (U), which can 
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reduce the sheet resistance value of the plate electrode PL, As one example, when a high 
dielectric layer, such as BST and Ta205, is used for the capacitance insulating layer CP 
of the storage capacitor, the capacitance of the storage capacitor CS can be increased by 
using Ru for the bottom electrode (storage-node) SN and the upper electrode lower layer 
PL (D) . Since Ru has a lower sheet resistance value than that of poly-Si, which has been 
used conventionally, the resistant value of the plate electrode PL can be reduced. 

[0052] When W is stacked as the plate electrode PL (U) in the structure, 

the resistance value of the plate electrode PL can be further reduced. Thus, when the 
resistant value of the plate electrode PL itself is reduced, the noises on the plate electrode 
PL can be cancelled faster and the plate electrode PL noises can be reduced. TiN can be 
used for the plate electrode PL (D), also. In such a case, the same result as that described 
above can be obtained. 

[0053] The memory cell structure described above includes a connection 

point SNCT for connecting the storage node SN and a source/drain diffusion layer of the 
MOSFET, which is adjacent to the bit line BL, as shown in FIG. 3A. In other words, a 
signal path is provided for transmitting a change in potential of the bit line BL to the 
storage node when a parasite capacitance exists between the storage node of-the memory 
cell and the bit line BL in the vertical direction of the cross section. Thus, it is 
advantageous to connect the plate electrodes PL mutually by wiring using itself. 

[0054] FIGS. 4A, 4B and 4C are diagrams for illustrating one 

embodiment of a control operation of the word system in the DRAM according to the 
present invention. For the structure of the memory mat, as shown in Fig. 4(A), four 
memory mats arranged in the bit line direction are represented for illustrative purposes. 
Memory mats on both sides in the bit line direction are called end memory mats (simply 
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called an end mat hereinafter), while a memory mat sandwiched by sense amplifiers SA 
is called a general memory mat (simply called a general mat hereinafter). Since the sense 
amplifiers S A are connected to the bit line for every other memory mat, half of the bit 
lines are regarded as a dummy in the end mats. Thus, when word lines in the end mat are 
selected, the number of memory cells to be selected will be half of the number of word 
lines in the general mat if selected. 

[0055] A word line is selected by the sub-word driver SWD distributed at 

the top and the bottom of the memory mat. The sub-word driver SWD responds to a 
select signal for the main word lines formed in the main word driver MWD provided in 
common for memory mats aligned in the word line extending direction, not shown, and a 
sub-word line select signal to select one sub-word line (sometimes simply called a word 
line hereinafter) from the four sub-word lines allocated to one main word line. 

[0056] In this embodiment,, the sense amplifiers are distributed on both 

sides of the bit line in the memory mat. When a plurality of memory mats are provided 
in the bit line direction, a pair of end mats is provided at both end portions. Thus, in 
order to use end mats only half of whose memory cell can be selected irregularly, as 
described above, effectively as a data storage area equal to the general mat, word lines on 
both side end pats are concurrently selected. 

[0057] As shown in FIGS. 4B and 4C for the illustrative purposes, when 

each of four bit lines exists on the general mats 0 and 1, two sense amplifiers SA 
provided in the sense amplifier block (SA block) 0 are connected to two bit lines BLB of 
the end mat and two bit lines BLT of general mat 0. Two sense amplifiers SA provided in 
the sense amplifier block I are connected to two bit lines BLB of the general mat 0 and 
two bit lines BLT of general mat I. Then, two sense amplifiers SA provided in the sense 
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amplifier block 2 are connected to two bit lines BLB of the general mat 1 and two bit 
lines BLT of an end mat. In the end niat, bit lines, which are not connected to the sense 
amplifier, are regarded as a dummy. 

[0058] For example, when word lines of the general mat 0 are selected, 

the word lines can select four memory cells crossing four bit lines. Stored information in 
the four memory cells are amplified by the sense amplifiers of two sense amplifier blocks 
0 and 1 provided across the general mat 0. Then, a rewriting (refresh) operation is 
performed where a memory charge being almost lost by a storage capacitor due to the 
word line selection operation is recovered to the original charge condition. In other 
words, the dynamic memory cell performs a destructive read-out operation by turning 
ON the address select MOSFET through the word line selection operation, connecting 
the storage capacitor to the bit lines, and causing a charge share with the bit line parasitic 
capacitance to cause in the bit lines changes in micro-voltage in accordance with the 
.memory charge. Thus, the dynamic memory cell requires a rewriting operation for the 
memory cell selected during amplification by the sense amplifier coimected to the bit line 
crossing word lines to be selected. 

[0059] On the other hemd, when word lines on the end mats are selected, 

only two memory cells can be selected because the word lines on the end mat are 
constituted by crossing two bit lines and two dununy wires. Therefore, when data is 
written in or read out by selecting the word lines of the end mat also, only half of the data 
can be input or output, which deteriorates its effectiveness as a memor>\ Accordingly, as 
shown in FIG. 4C, when the word lines of the end mat are selected, word lines of the end 
mats on both sides are always selected. Thus, the number of memory cells to be selected 
by one word line selection can be four, which is equal to the number when a general mat 
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is selected. In this way, according to the easy configuration where two word lines are 
always selected concurrently for the end mats, data can be written and read out by the 
same bit line selection operation in the same manner as the general mat. 

[0060] According to this configuration, the end mats can be used 

effectively as a part of the memory area. Thus, in the micronized memory cell, for 
example, a read-out margin of the sense amplifier can be allocated, and, further, the chip 
occupying area per bit can be smaller as compared with the case where bit lines in the 
enct mat are used only for forming a reference voltage for the reading-out operation by 
the sense amplifier in order to allocate a read-out margin for the sense amplifier. 

[0061] FIGS. 5 A and 5B are circuit diagrams of one embodiment of the 

main word driver MWD of the DRAM according to the present invention. FIG. 5A 
shows a main word driver in the general mat, while FIG. 5B is a main word driver 
corresponding to two end mats. In FIG. 5 A, a signal RMST<15:0> is a mat select signal 
when 32 memory mats are divided into 16 in sets of two as shown in FIG. 1 . Signals 
RF3T and RF6T are predecode signals. In the general mat, pre-charge MOSFET Q3 in 
the selected mat is turned off by the pre-charge signal RMSXDPT<15:0>. At the low 
level of the signal RMST<1 5:0>, in one memory mat array (four memory mats in the 
example shown in FIG. 1), through MOSFETs Ql and Q2 tumed ON by the predecode 
signals .RF3T and RF6T, the pre-charge voltage of an input terminal of an inverter 
circuit IV 1 is discharged. With the low level of the input terminal, the select signal 
RMWLB of the main word line becomes low level of the select level. 

[0062] Unselected word lines in the selected mat maintains a pre-charge 

voltage corresponding to the unselected level since the low level corresponding to the 
pre-charge voltage of the input signal of the inverter circuit IV 1 turns on a P chatmel type 
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feedback MOSFET Q4 provided between the input terminal and operational power 
supply terminal. In the unselected memory mat, the pre-charge signal RMSXDPT<15:0> 
remains at the unselected level of the low level, which maintains the pre-charge 
operation. 

[0063] In FIG. SB, a signal RMSET is a select signal for the end mat, and 

signals RF3T and RF6T are predecode signals. In the end mats, a pre-charge MOSFET 
in the end mat is turned off by the pre-charge signal RMSXDPET corresponding thereto. 
At the low level of the signal RMSET, in a two-end-mats array (four memory mats in the 
example shown in FIG. 1), through MOSFET turned ON by the predecode signals RF3T 
and RF6T, the pre-charge; voltage of an input terminal of each inverter circuit IV 1 is 
discharged. With the low level of the input terminal, the select signal RMWLB of the 
main word line corresponding to the two end mats becomes low level of the select level. 

[0064] Unselected word lines in the selected mat maintain a pre-charge 

voltage corresponding to the unselected level since the low level corresponding to the 
pre-charge voltage of the input signal of the inverter circuit turns on a P channel type 
feedback MOSFET provided between the input terminal and the operational power 
supply terminal, in the same manner as the case of the general mat Wlien the word line 
of the general mat is selected, the pre-charge signal RMSXDPET remains at the 
imselected level of the low level, which maintains the pre-charge operation in the end 
mat. 

[0065] According to the hierarchical word line method, the sub-word line 

(word line) on the lower layer is selected by the selection operation of the main word 
line. Thus, the main word driver of the end mat can be caused to perform word line 
selection for the end mat by means of each circuit change, which may generate a 
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concurrent selection condition. 

[0066] FIGS. 6 A, 6B and 6C are diagrams of another embodiment of a 

control operation for the word system of the DRAM according to the present invention. 
The memory mat configuration, as shown in FIG. 6 A, represents seven memory mats 
arranged in the bit line direction for illustrative purposes. Memory mats on both ends in 
the bit line direction are regarded as end mats. Among the general mats which are 
sandwiched by sense amplifiers SA, one placed at the center is called a center mat and is 
handled essentially as an end mat. This configuration is suitable for a case where two 
general mats are selected concurrently. In other words, it is suitable for the case where 
32 memory mats are divided into two sets of 16 as shown in FIG. 1 in order to address 
the word system selection control when two memory mats are selected concurrently. 

[0067] When word lines of the general mats 0 and 2 are selected 

concurrently as shown in FIG. 6B so as to increase the read/write bit numbers, two word 
lines of the end mats and a word line of the center mat are combined as shown in FIG. 
6C. In other words, a memory cell connected to the sense amplifier (sense amplifier 
block) 2 on the left side of the center mat is combined with a memory cell connected to 
the left side end mat and a bit line. A memory cell of a bit line connected to a sense 
amplifier (sense amplifier block) 3 on the right side of the center mat is combined with a 
memory cell connected to the right side end mat and the bit line. 

[0068] For example, when two sets of mat configurations shown in FIG. 

4 A are provided, the read/write bit numbers can be increased in the same manner as 
indicated above. However, the arrangement would have four end mats and then four 
word lines to be activated, which increases the current consumed by the word line 
selection. Further, in the end mat, the number of dummy bits is increased, which 
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increases the occupied area per bit. In the configuration where a center mat is placed as 
indicated above and half of the bit lines are combined with the bit lines of end mats on 
both sides, the generation of the number of the dummy bit can be minimized, which 
reduces the occupied area and the select circuit for the bit lines can be common. 

[0069] In this case, the center mat it is not necessary to locate at the center 

of the memory mat array. In FIG. 6A, a general mat 0 adjacent to the left side end mat 
can be used as the center mat. However, in such a case, the distances between the center 
mat (general mat 0) and the left end mat and the right end mat differ significantly. Thus, 
a transmission path for writing-in or reading-out signals is ruled by a slower one, which 
slows the operational speed substantially. Therefore, as in the embodiment shown in 
FIG. 6A, a general mat physically provided at the center of an array including a plurality 
of memory mats is preferably used as the center mat. 

[0070] FIG. 7 is a circuit diagram of one embodiment of a sense amplifier 

portion of a dynamic RAM according to the present invention. The sense amplifier SA is 
constituted by a CMOS latch circuit including N-channel type amplified MOSFETs QS 
and Q6 and P channel type amplified MOSFETs Q7 and Q8, which are in a latch form 
where a gate and a drain are cross-connected. The sources of the N-channel type 
MOSFETs QS and Q6 are connected to common source line SDN. The sources of 
P-charmel type MOSFETs Q7 and Q8 are connected to a common source line SDP. 
Ground voltage VSS and operational voltage VDL of the circuit are supplied to the 
common source lines SDN and SDP through a power switch MOSFET, not shown. The 
power switch MOSFET may be, but not limited to, provided by being distributed in the 
sense amplifier portion. 

[007 1] A pre-charge (equalize) circuit including an equalize MOSFET QU 
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for shorting the complementary bit Imes BLTO and BLBO and switch MOSFETs Q9 and 
QIO for supplying a half pre-charge voltage VDL/2 to the complementary bit lines BLTO 
and BLBO is provided in the input/output node of the sense amplifier SA. Commonly 
supplied to the gates of these MOSFETs Q9 to QU are pre-charge (bit line equalize) 
signals BLEQ. A driver circuit for forming the pre-charge signals BLEQ, not shown, 
includes an inverter circuit provided in the cross area 18 shown in FIG. 1 so as to make 
its starting-up faster. In other words, prior to the word line selection timing at the 
beginning of a memory access, the MOSFETs Q9 to QU forming the pre-charge circuit 
are caused to switch faster through the inverter circuit distributed in each of the cross 
areas 18. 

[0072] A pair of input/output nodes of the sense amplifier SA are 

connected to the complementary bit lines BLTO and BLBO as well as to local (sub) 
input/out put lines LIOT and LIOB extended along the sense amplifier array via a column 
<Y) switch circuit including MOSFETs Q12 and Q 13. The gates of the MOSFETs Q12 
and Q 13 are connected to the column select line YS, and they are turned ON when the 
column select line YS is at the select level (high level), which connects the input/output 
node of the sense amplifier SA to the local input/output lines LIOT and LIOB. Similar 
sense amplifiers, pre-charge circuits and column switch circuits are provided for other 
complementary bit lines BLTl, BLBl, BLT2, BLB2, also. 

[0073] Thus, the input/output node of the sense amplifier SA amplifies a 

minute voltage change for the bit line half pre-charge voltage, which changes in 
accordance with a memory charge of a memory cell connected to a cross point with a 
word line of a selected memory mat between two memory mats (the MATO and MATl, 
for example) provided across the input/output noie, by using a half pre-charge voltage of 
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a bit line on an unselected memory mat side. The selection by the column select line YS 
is transmitted to the local input/output lines LIOT and LIOB through the colimm switch 
circuits (Q12 and Q 13), 

[0074] As shown in FIG. 1 , the local input/output lines LIOT and LIOB 

are extended over a sense amplifier array aligned in the main word line extending 
direction. Further, a sub-amplifier circuit is provided in the local input^output lines as 
necessary to transmit amplifier signals. Then, as will be described later, it is coimected 
to a main input/output line MIO aligned in the bit line direction and guided to a data 
output circuit or a data input circuit. 

[0075] FIGS. 8 A and 83 are circuit diagrams of one embodiment of a row 

system selector circuit for the DRAM according to the present invention. This 
embodiment describes a partial circuit of the row system selector circuit where one of the 
end mats or general memory mats are used as a redimdant circuit. FIG, 8 A shows as a 
reference example a row system selector' circuit in accordance with a folded bit line 
method and shared sense amplifier method. FIG. 8B shows a circuit diagram of a 
pre-charge control signal generator circuit and main word driven in accordance v^dth the 
redundancy memory mats. 

[0076] According to the shared sense amplifier method, when one of 

memory mats provided on both sides of the sense amplifier is used, a mat select signal 
RF9T, after a relief determination that a failed word line or bit line exists on the normal 
memory mat side, generates a shared switch control signal SHR and a pre-charge signal 
BLEQ corresponding to the redundant memory mat. Then, the switch control for the 
shared switch MOSFET and termination of the pre-charge circuit are matched in time by 
a delay circuit (delay), and a main-word line-corresponding to the redimdant memory mat 
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is selected. 



[0077] 



On the other hand, when the end mat or the center mat of this 



embodiment is used as a redundant circuit, a timing signal RACT of a general mat 
corresponding to a regular circuit generates a pre-charge control signal concvirrently with 
the regular circuit. Then, the main word line for the redundant mat uses the mat select 
signal RF9T of the relief determined redundant mat to select the main word line of the 
redundant mat. In this configuration, since the pre*charge operation needed for causing 
the main word line to be available for selection has already been carried out in advance, 
the main word line can be selected without inserting a delay circuit (delay), as described 
above. 

[0078] According to the configuration, when there is no failure in the 

regular circuit, the word line of the redundant mat is not selected. Thus, there is no 
problem if the pre-charge operation is terminated. Since the pre-charge circuit performs 
the pre-charge operation in response to the termination of the reaular circuit operation, 
any problem will occur in the selection operation of the redundant circuit in the next 
memory cycle even when the pre-charge voltage of the bit line is reduced in some degree 
due to a leakage current, for example. 

[0079] FIGS. 9 A and 9B show waveform diagrams for illustrating 

operations of the row system selector circuit shown in FIGs. 8A and 8B. FIG. 9A 
corresponds to the circuit operation of the row system selector circuit in the FIG. 8 A as a 
reference while FIG. 9B corresponds to the circuit operation of the now system selector 
circuit in FIG. 8B according to the present invention, 

[0080] As shown in FIG. 9A, in the configuration where the shared switch 

select signal SHR and the pre-charge signal BLEQ are turned to the low level after the 
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redundancy detennination (hit) of the redundant mat, the timing for selecting the word 
line S WL has to be delayed by providing a delay circuit as described above in order to 
allocate a time needed for those operations. Here, in the regular mat, the signals SHR, 
BLEQ and FXB remain at the high level and the sub-word line SWL is also in the 
unselected state since the mat itself is unselected based on the redundancy determination 
(hit). 

[008 1 ] On the other hand, according to the present invention, as shown in 

FIG. 9B, the pre-charge signal BLEQ and the sub-word select line FXB of the redundant 
mat are tuned to the low level in response to a clock signal CLK witiiout waiting for the 
redundant determination (hit) of the redundant mat. Then, the redundancy determination 
(hit) turns the sub-word line SWL to the select state. The sub-word select line FXB will 
be described later. In the regular mat, the pre-charge signal BLEQ and the sub-word 
select line FXB are turned to the low level in response to the clock signal CLK. Then, 
tho redundancy determination (hit) retums.the pre-charge BLEQ and the sub-word select 
line FXB to the high level. 

[0082] FIG. 10 is a block diagram of one embodiment of an I/O 

(input/output line) circuit of DRAM according to the present invention. In this 
embodiment, memory mats include end mats and two general mats in the same maimer as 
FIG. 4. Local input/output lines LIO<0>, LIO<L> and LIO<2> are provided to the sense 
amplifier blocks (SA blocks) 0, 1 and 2, respectively, formed by being sandwiched 
between each of memory mats. 

[0083] On the other hand, main input/output lines MIO<0> and MIO<L> 

are provided in the memory mat array direction, that is, in the bit line extending 
direction. Thus, when data is exchanged in 2 bits in the memory mat configuration, the 
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local input/output lines LIO<0> and LIO<L> are associated with the main input/output 
lines MIO<0> and MIO<l>, respectively. Then, when a word line of the general mat 1 as 
described in note (a) is selected, the remaining local input/output line LIO<2> has to be 
associated with the main input/output line MIO<0> so as to avoid a data collision, since 
the local input/output line LIO<L> is associated with the main input/output line MIO<l>. 

[0084] However, in the end mat as described above, in a case where two 

word lines are selected concurrently, the local input/output line LIO<2> corresponding to 
the right side end mat has to be associated with the main input/output line MIO<l> so as 
to avoid a data collision since the local input/output line LIO<0> corresponding to the 
left side end mat is associated with the main input/output line MIO<0>, which is 
opposite to the case where the word line of the general mat 1 is selected. 

[0085] Accordingly, in this embodiment, a selector switch is provided 

between the main input/output lines MIO<0> and MIO<l> for the local input/output line 
LIO<2> provided in the sense amplifier block 2 provided between one end mat and a 
general mat as described above. Thus, the signed transmission path is switched over in 
order to achieve the association as described above in accessing the general mat and in 
accessing an end mat. 

[0086] FIGS. 1 1 A and 1 1 B show circuit diagrams of one embodiment of 

an input/output circuit (I/O circuit) of the DRAM according to the present invention. 
FIGS. 1 1 A and 1 IB are the circuit diagrams of the LIO-MIO switching circuit in the 
embodiment shown in FIG. 10. In this embodiment, a CMOS bus gate type switch is 
shown. Similar resuhs can be obtained in case of connection by the sub-amplifier, for 
example. 

[0087] In the same manner as the line LIO<0> in FIG. 1 0, the local 
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input/output line LIO and the main input/output line MIO are connected selectively in 
one-to-one relationship. When the memory mat is imselected, a pre-charge signal BLEQ 
corresponding thereto is turned to the high level. Then, the complementary local 
input/output lines LIOTO and LIOBO are maintained in the pre-charge voltage VBLR 
state by an equalize MOSFET and a pre-charge MOSFET in order to turn off the CMOS^ 
switch MOSFETs Q20 to Q23. 

[0088] When the memory mat is selected, the pre-charge signal BLEQ 

corresponding thereto is turned to the low level, which tums off the equalize MOSFET 
and the pre-charge MOSFET of the complementary local input/output lines LIOTO and 
LIOBO. Then, CMOS switch MOSFETs Q20 to Q23 are tumed on, which connects the 
local input/output lines LIOTO and LIOBO to the main input/output lines MIOTO and 
MIOBO. In this configuration, the same operation is performed in the switch circuit 
between the local input/output line LIO<l> and the main input/output line MIO<l>. 

[0089] In order to switch over between the main input/output lines 

MIO<0> and MIO<l> depending on the mat selection state in the same manner as the 
line LIO<2> in4 FIG. 10, MOSFETs Q20 to Q23 and Q 24 to Q27, for forming CMOS 
switch circuits, are provided, respectively. Then, when a general mat is selected, the 
signal MSB is turned to the low level, which tums on the switch MOSFETs Q20 to Q23 
and connects the complementary input/output lines LIOT2 and LIOB2 to the main 
input/output lines MIOTO and MIOBO, as described above. When an end mat is selected, 
the signal MSEB is turned to the low level, which tums on the switch MOSFETs Q24 to 
Q 27 and connects the complementary input/output lines LIOT2 and L10B2 to the main 
injput/output lines MIOTl and MIOB2, as described above. 

[0090] In this case, a switch is provided between the local input/output 

25 



o o 

line LIO and the main input/output line MIO, A plurality of local input/output lines LIO 
are allocated to the main input/output line MIO, and only a selected one is connected to 
the main input/output line MIO. That is it has been described for the case where it is 
applied to hierarchical input/output lines. However, the same selector switch is provided 
for the local input/output line corresponding to one end mat as described above even 
when the local input/output line LIO and the main input/output line MIO are directly 
connected. 

[0091 ] FIG. 12 is a block diagram of another embodiment of an 

input/output line (I/O) circuit of the DRAM according to the present invention. In this 
embodiment, in the same manner as FIG. 6A, memory mats include two end mats, a 
center mat and general mats. Sense amplifier blocks (SA blocks) 0 through 5 formed by 
being sandwiched between each of the memory mats are provided with local input/output 
lines LIO<0> to LIO<5>, respectively. 

[0092] On the other hand, main input/output lines MIO<0> to MIO<3> 

are provided in the memory mat array direction, that is, in the bit line extending 
direction. Thus, when memory mats are divided into two sets and data is exchanged in 2 
bits from each set, that is four 4 bits as a whole in the memory mat configuration, the 
local input/output lines LIO<l> and LIO<2> are associated with the main input/output 
lines MIO<l> and MIO<0>, respectively, in one set, while in the other set, the local 
input/output lines LIO<3> and LIO<4> are associated with the main input/output lines 
MIO<2> and MIO<4>, respectively. 

[0093] In this case, when a word line of the general mats 0 and 3 is 

selected as shown in FIG. 11(A), local input/output lines LIO<0> and LIO<5> have to be 
associated with the main input/output lines MIO<0> and MIO<2>, respectively, so as to 
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avoid data collision, since the local input/output lines LIO<l> and LIO<4> are associated 
with the main input/output lines MIO<l> and MIO<3>, respectively. 

[0094] On the other hand, when word lines of two end mats and a center 

mat are selected as shown in FIG. 1 1(B), local input/output lines LIO<0> and LIO<5> 
have to be associated with the main input/output lines MIO<l> and MIO<3>, 
respectively, so as to avoid data collision, since the local inpUt/output lines LIO<2> and 
LIO<3> are associated with the main input/output lines MIO<0> and MIO<2>, 
respectively. 

[0095] Accordingly, in this embodiment, a selector switch is provided 

between the main input/output lines MIO<0> and MIO<l> and MIO<2> and MIO<3> 
for the local input/output lines LIO<0> and LIO<5> provided in the sense amplifier 
blocks 0 and 5 provided between one end mat and a general mat as described above. 
Thus, the signal transmission path is switched over in order to achieve the association as 
described above in accessing the general mat and in accessing an end mat. 

[0096] FIGS. ISA and 1 3B are schematic diagrams of one embodiment 

of a bit line configuration in an end mat of the DRAM according to the present invention. 
FIG. 13 A is a diagram illustrating the array configuration where a sense amplifier is 
arranged alternatively at one simple cross point. In the end mat, an invalid bit line exists 
as it is without connection to the sense amplifier S A. The same end mat is provided on 
the other side of the sense amplifier SA corresponding to a memory mat MATn, but it is 
omitted here. Since an invalid bit line (dummy bit line) as described above exists, the 
number of valid memory cells provided in the end mat would be half of those in the 
general mat. Thus, word lines in the end mats on both sides are selected concurrently. 
That is, the combination of two end mats produces a memory access equivalent to that 
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with one general mat. 

[0097] FIG. 1 3B shows a folded bit line in the end mat. In other words, a 

wiring area for the invalid bit line is utilized for the location of the folded bit line of the 
end mat. Folding the bit line reduces the length of the end mat in the bit line direction to 
the half of the length of the general mat in the bit line irection, which achieves an area 
reduction of the end mat. This area reduction is achieved in the other emory mat, 
resulting in an area reduction equal to one general mat. 

[0098] When a plurality (N) of memory mats exist in the word line 

direction, areas equal to N general mats can be reduced as a whole. It should be noted 
that in the dynamic RAM as described for the embodiment in FIG. 1, there are four 
memory arrays as a whole and an area equal to four general mats can be reduced in each 
memory array. Thus, area reduction equal to 16 general mats can be attempted in the 
whole chip. 

[0099] FIGS. 14B and 14C are waveform diagrams for a reading out 

selection operation for the folded type end mat. When the bit line is folded for area 
reduction of the end mat, as shown in FIG. 14A, read-out charges from two memory cells 
are transmitted to the bit line by the word line selection operation. In other words, the 
read-out signal amount of the bit line of the end mat as shown in FIG. 14C is tvsdce as 
much as the read-out amount of the bit line of the general mat as shown in FIG. 14B. 

[0 1 00] Accordingly, the overdrive period of a sense amplifier for 

amplifying readout signals of the bit line of the end mat is made shorter than the 
overdrive period defined in the sense amplifier when the micro-signals of the bit line of 
the general mat are amplified. Altematively, when the readout signals of the bit line of 
the end mat are amplified, the overdrive of the sense amplifier is omitted. This timing 
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adjustment allows readout operations which are ahnost equivalent between those with the 
end mat and the general mat. 

[0101] FIG. 1 5 is a circuit diagram of one embodiment of the sense 

amplifier control circuit. When a word line of an end mat is selected, two sense amplifier 
arrays operate with a relatively large distance. Then, the convergence of current required 
for the amplifying operation by the sense amplifier is reduced in the wire for supplying 
an operational voltage. As a result, efficient current supply is achieved. In other words, 
since the voltage decrease gets smaller in the power supply line due to the increase in the 
operational current, the amplifying operation by the sense amp lifier can become faster by 
as much. 

[0 1 02] In addition, when a bit line is folded in the end mat as described 

above and two memory cells are selected by selecting one word line, the signal amount 
read out td the bit line as described above would be twice. Accordingly, two start-up 
signals are provided for reducing the sense amplifier over driver period when the end mat 
is selected. The signal RSAET is a sense amplifier start-up signal. When the end mat is 
unselected, the high level of the signal MS WEB generates overdrive pulses during the 
period equal to the delay time produced by the transmission of a delay signal through two 
delay circuits (delay) Then, this turns on the MOSFET Q30 so that the over drive pulses 
such as power supply voltage VDD are supplied to a common source line SDP of the 
P-channel type MOSFET of the sense amplifier, 

[0 1 03] On the other hand, when the end mat is selected, the signal MSEB 

is turned to the low level. This opens the gate for transmitting a delay output from one 
delay circuit. Thus, over drive pulses are generated during the period equal to the delay 
time, which turns on the MOSFET Q30. Thus, this can prevent the sense amplifier from 
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being over driven excessively when the end mat is selected. After the delay time 
corresponding to the over drive has passed, the MOSFET Q30 is turned off and 
MOSFET Q 3 1 is turned on so that the operational voltage inherent to the sense amplifier 
such as VDL is supplied. In the common source line SDN of the N-channel type 
MOSFETs, the high level state of the start-up signal RSAET tums on OSFET Q 32 so 
that ground potential VSS of the circuit is transmitted, 

[0 1 04] In the DRAM of this embodiment, the power supply voltage VDD 

is a relatively high voltage such as 3.3 V or 2.5 V. It is stepped down by the VDL to a 
lower voltage such as 2.2 V or 1 .8 V. When the sense amplifier starts its amplifying 
operation, a higher overdrive voltage such as VDD is used as the VDL so that the start-up 
to the VDL in the bit line gets faster in order to cause either one of the complementary bit 
lines BLT and BLB to be at the high level in accordance with the stored information in 
the memory cell. When the signal amount is larger as in the end mat and the overdrive 
period.is longer, a problem that the high level of the bit line exceeds VDL occurs. Thus, 
the timing adjustment as described above is necessary. 

[0 1 05] FIGS. 1 6A and 1 6B are schematic layout diagrams of one 

embodiment of the folded type end mat. In FIG. 16A, a bit line coimected to one 
input/output node of a sense amplifier SA on one end is folded at the middle in its 
extending direction. In other words, a bit line and an invalid bit line adjacent thereto are 
connected and folded at the middle portion and the remaining half is omitted. In this 
embodiment, in consideration of the layout of the sense amplifiers, two neighboring two 
bit lines, but not limited thereto, are validated, and the invalid bit lines are positioned on 
both sides. The portion of the invalid bit lines is used to allow the upper bit line to be 
folded to the upper side and the lower bit line to be folded to the lower side. The 
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repetition of this pattern constitutes the end mat. 

[0 1 06] As shown in FIG. 1 7 A, the connection of the folded part is 

achieved by using a first polysilicon layer FG constituting a gate electrode and a word 
line of the MOSFET in the folded portion and an FG contact, but the invention is not 
limited thereto. As shown in the cross section in 3, the bit lines are regarded as a first 
metal layer Ml. The FG contact connects FG and Ml. When the phase shift method, 
which is one of micromachining technologies, is used, the adjacent bit lines are formed in 
a different process. Thus, they have to be connected to each other by FG sffid a FG 
contact as described above. 

[0 1 07] In FIG. 1 6B, one end of a bit line connected to one input/output 

node of the sense amplifier SA is folded by using every other bit line at the middle 
portion in its extending direction. In other words, the bit line connected to one sense 
amplifier branches off at the connection portion with the sense amplifier so as to produce 
every other bit and extends up to a length equal to half of the general mat bit line. The 
bit line connected to the sense amplifier and the adjacent sense amplifier extends up to a 
length equal to the half of the general mat bit length without branching off from the 
connection portion. Then, it is folded and further extends toward the sense amplifier 
between the branched off bit line. In other words, the branched off bit line and the folded 
bit line are positioned alternately. The repetition of the pattern described above 
constitutes the end mat. 

[0108] The connection of the folded portion is as shown in FIG. 1 7B, and 

the bit line is constituted by a first metal layer Ml as shown in the cross section in 3, but 
is not limited thereto. In other words, when the phase shift method, which is one of the 
micromachining technologies as described above, is used, every other one of the bit lines 
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are formed. Thus, the branched off bit line and the folded bit line can be formed 
integrally in respective processes. 

[0 1 09] FIG. 1 8 is a schematic diagram of another embodiment of the end 

mat bit line configuration in the DRAM according to the present nvention. In this 
embodiment, it is assumed that the end mat includes a folded bit line. Thus, two memory 
cells are connected in parallel at a cross point of a word line and a bit line. This end mat 
is, but not limited to, a redundant mat for relieving a failed word line in the general mat. 

[0110] When the end mat is used as a redundant mat as described above, 

the number of memory cells to be connected to the word line is reduced to half. Thus, 
the word line is selected in both end mats in the same manner as indicated above. The 
configuration where the end mat is used as a redundant mat and two memory cells are 
positioned at a cross point of the word line and the bit line as described above not only 
reduces the area occupied by the end mat, but also it produces excellent effects including 
anincrease in the relief efficiency. 

[0111] Connecting two memory cells to the bit line in parallel can double 

the signal amount as described above. In other words, in the end mat, almost none of the 
memory cells cause a failure due to a short information holding time. Thus, this can 
significantly reduce the probability for causing a failure that the information holding time 
is short in the redundant mat when switched to the redundant mat, which results in a 
relief failure. 

[0112] FIG. 1 9 is a schematic diagram of another embodiment of the end 

mat bit line configuration in the DRAM according to the present invention. In this 
embodiment, the end mat includes a folded bit line, which is used for reference of the 
general mat. In this case, the word line is fixed to a circuit ground potential VSS or bit 
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line half pre-charge voltage VDL/2, Fixing the potential of the word line can reduce 
noises caused in the end mat when reading out. 

[0113] FIG. 20 is a schematic layout diagram of one embodiment of a 

DRAM to which the present invention is applied. In this embodiment, a memory array is 
divided into four in the same manner as that in FIG. 1, and they form memory BANKO to 
BANK3, respectively. As represented by one memory bank BANKl for the illustrative 
purposes, 33 memory mats and two end mats are provided in the bit line direction (YS) 
and four memory mats are positioned in the word line direction (MWL). 

[0114] Provided in the longitudinal center part of a semiconductor chip 

are an input/output interface circuit including a data input/output circuit and a bonding 
pad array and a power supply circuit including a step-up circuit and/or a step^ovm 
circuit. A main word driver MWD is positioned along the center part and drives a main 
word line MWL positioned such that it can reach each sub- word driver through the four 
memory mats. A column decoder area YDC is provided in the lateral end part of the 
semiconductor chip and drives a column select line YS, which extends therefrom through 
the 33 general mats and one end mat to the sense amplifier array corresponding to them. 

[0115] In this embodiment, a center mat provided at the center of the 33 

general mats arranged in the bit line direction and the end mat are used as redundancy 
mats MAT. In other words, the memory mats shown in FIG. 6A or 12 are divided into 
two sets in the center part and one word line is selected in general mats in each set. 
When a word line failure occurs in the general mat selected in either one of the sets, two 
word lines of the center mat and the end mat are selected for word line failure relief. 
When the bit line of the end mat is folded as described above so that two memory cells 
form a redundancy cell, two word lines may be selected at the same time in the center 
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mat. 

[0116] FIG. 2 1 shows a magnified view of the end mats and general mats 

in the memory bank BANKl shown in FIG. 20. In this embodiment, ttie hierarchical 
word line method is adopted-, and a word line provided in a emory mat is selected based 
on a combination of a main word line MWL and a sub-word select signal FX. The 
sub-word select signal FX is an operational voltage of the sub-word driver SWD, as vnll 
be described later, and its voltage level is a select signal of the sub- word line. 

[0117] In the dypeunic memory cell, information charges are supplied to a 

storage capacitor through an address select MOSFET. In order to communicate the high 
level of the bit line to the storage capacitor, the gate voltage of the MOSFET has to be 
equal to or higher than a threshold voltage of the MOSFET for the high level of the bit 
line. The effective threshold voltage of the address select MOSFET is raised by forming 
a gaie insulating film so as to be thicker or by supplying a negative back-bias voltage to 
the substrate in order to reduce leakage current in the off state (sub-threshold leakage 
current). 

[0118] Therefore, the select level of the sub-word line has to be the 

step-up voltage VPP, which is higher than the threshold voltage of the MOSFET with 
respect to the high level of the bit line (VDL or VDD). Thus, an FX driver is needed for 
communicating a sub-word line select, signal corresponding to the step-up voltage to 
each sub- word driver SWD. The FX driver corresponding to the sub-word driver SWD 
of the general mat may be provided in a cross area where a sense amplifier array SA and 
a sub- word driver array SWD intersect. On the other hand, when the cross area does not 
exist because the memory bank end terminates at a memory cell in the altemate sense 
amplifier positioning in the open bit configuration, the FX driver cannot be provided. 
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[0119] When the end mat is used only for reference, tiie word line may be 

at the fixed level as described above. Thus, the sub- word driver is not necessary and the 
problem described above is not caused. On the other hand, when it is used as a 
redundant mat as in this embodiment, the sub- word driver has to be operated for failed 
word line relief In this embodiment, a part of the redundant array SWD is used as an FX 
driver area in the end mat. In other words, when the end mat is used as a redundant mat, 
all of word lines formed therein do not have to be utilized. Thus, the end portion word 
line is used as a dummy word line and the sub-word driver area corresponding to it us 
used as the FX driver area. 

[0 1 20] In this embodiment, four sub-word lines WLO to WL3 are 

provided with,one main word line MWL, and sub-word select lines FXO to FX3, FXOB 
to FX3B are needed or selecting one of the four sub-word lines. In this mbodiment, 
sub- word lines provided in one memory mat are selected half and half by sub- word driver 
arrays S WDA provided on both sides of the memory mat. In other words, in the memory 
mat as shown in FIG. 2, sub-word drivers are distributed to both sides of the memory mat 
for every two word lines in order to achieve staggered positioning in the same manner as 
the sense amplifier. Therefore, when four sub-word line are selected with one main-word 
line as described above, the sub-word drivers for generating sub-word select signals for 
selecting one sub-word line among the four sub-word lines are provided for every other 
memory mat in two groups, one for sub-word select signals FXO and FX2 and the other 
for sub- word select signals FXl and FX3. 

[0121] FIG. 22 is a circuit diagram of one embodiment of an FX driver 

and a sub-word driver according to the present invention. The sub-word driver includes a 
CMOS inverter circuit and an N channel type MOSFET provided between an output of 
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the CMOS inverter circuit and a ground potential of the circuit. Select signals MWLB 
from the main word line are commonly supplied to input terminals of two CMOS 
inverter circuits provided in the sub-word driver area. The main word select signals 
MWLB are commonly supplied to the CMOS inverter circuits provided in the sub-word 
driver region provided in the other end of a redundancy mat in FIG. 22 in order to select 
four sub-word lines. 

[0122] The sub- word line select signals FXO and FX2 formed in the FX 

drivers are supplied to power supply terminals of the two CMOS inverter circuits, that is, 
source terminals of a P channel type MOSFET included in the CMOS inverter circuits, 
respectively. The operational voltage of the FX drivers is used as a step-up voltage VPP, 
which is a select level of the sub- word line select signals FXO and FX2. The input 
signals FXOB and FX2B supplied to the input terminals of the FX drivers are supplied to 
the gate of the N channel type MOSFET provided between the output of the sub-word 
driver and the ground potential of the circuit. The FX driver and its adjacent FX driver 
form the sub-word line select signals FXl and FX3. 

[0 1 23] When the select signals MWLB of the main word line is at a low 

level, the P channel type MOSFET is turned ON and the N channel type MOSFET is 
turned OFF in the CMOS inverter circuit. Therefore, the sub- word line SWLO or S WL2 
is turned to the VPP level in the sub-word driver SWD in which the sub- word line select 
signal FXO or FX2 are turned to the select level VPP by the FX driver. Here, sub-word 
line select signal FXOB or FX2B of the unselected one is tumed to the high level, which 
then turns the switch MOSFET ON in order to fix the sub-word line SWLO or SWL2 at 
the circuit ground potential. The sub-word line SWL corresponding to an area where the 
FX driver is provided is used as, but is not limited to, a dummy word line, which is also 
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used as, but is not limited to, an unselect level, such as the circuit ground potential. 



and a sub-word driver according to the present invention. The FX driver forms 
operational voltages of a plurality of sub-word drivers so that it includes an N channel 
type MOSFET (NMOS) and a P channel type MOSFET (PMOS) larger than MOSFETs 
included in the sub-word driver shown in FIG. 23, for illustrative purposes. In order to 
form the FX driver with large size MOSFETS, as described above, 36 word lines formed 
in an end mat are used as dummy word lines. The FX driver is formed in a sub- word 
driver^region corresponding thereto. 

[0125] FIG. 24 is a schematic layout diagram of another embodiment of a 

dynamic type RAM according to the present, invention. In this embodiment, a memory 
array is divided into, but not limited to, four as a hole. Thus, two memory arrays are 
provided separately in the longitudinal direction of the semiconductor chip and two 
memory arrays are provided separately in the lateral direction of the semiconductor chip. 
Those described above are the same as the embodiments of FIGS. 1 and 20. 

[0 1 26] In this embodiment, word lines are placed along the chip in the 

longitudinal direction, and bit lines are placed along the chip in the lateral direction. In 
other words, the directions of the bit lines and word lines are opposite to those in FIGS. 1 
and 20. hi each memory array divided into four as a whole including two vertically and 
two horizontally with respect to the longitudinal direction of the semiconductor chip as 
described above, X-system pre-decoder and relief circuits and Y-system predecoder and 
relief circuits, for example, are placed at the middle portion with respect to the 
longitudinal direction. A main word driver area MWD is formed along the middle 
portion of the memory array and drives main word lines which are extended toward the 



[0124] 



FIG. 23 is a layout diagram of one embodiment of an FX driver 
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bottom or the top in accordance with each memory array. 

[0 1 27] In the memory array, a Y decoder Y DEC is provided on the 

periphery of the chip, which is opposite to the chip center portion. The memory array |s 
divided into a plurality of memory mats as described above. The memory mat is formed 
by being surrounded and sandwiched by sense amplifier areas and sub-word driver areas. 
The cross portion of the sense amplifier area and the sub- word driver aiea is called a 
cross area. The sense amplifier is provided in the sense amplifier area based on the 
one-cross point method and staggered positioning. 

[0 1 28] A select operation by the Y system is transmitted to the Y decoder 

placed on the periphery of the chip through an address buffer provided in the center part 
of the chip via a relief circuit and the predecoder provided in the middle portion of the 
memory array. Then, a Y select signal is formed in the Y decoder YDEC. A bit line of 
one memory mat array is selected by the Y select signal. Then, it is transmitted to a main 
amplifier MA provided in the chip center part on the opposite side and is amplified and 
output through an output circuit provided in the chip center part. 

[0 1 29] In this configuration, it may be seen that signals are routed in the 

chip, so that a longer time to output a readout signal. However, an address signal needs 
to be input as it is in the relief circuit. Thus, when the relief circuit is placed in he chip 
center, the output timing by the predecoder is determined based on the check results 
regarding whether or not it is a failed address. In other words, when the predecoder and 
the relief circuit are spaced away from each other, signal delays may cause a delay in the 
actual Y select operation. 

[0 1 30] In the signal transmission path for reading-out signals in the 

memory array, according to a layout scheme where the Y decoder exists at the center part 
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of the chip, when performing reading-out from complementary bit lines of the memory 
mat on the periphery of the chip on the opposite side, the amount of time needed for 
traversing the memory array in order to transmit the Y select signal is added to the 
amount of time needed for the readout signal from the complementary bit lines of the 
memory mat on the periphery of the chip to traverse the memory array in the direction 
opposite to the direction of the Y select signal through an input/output line, in order to be 
transmitted to the main amplifier are added. 

[0131] In other words, in the worst case, it takes a longer time due to the 

flow of a signal making one round trip to the memory army. However, according to the 
present invention, the main amplifier MA and the Y decoder YDEC are placed on both 
sides of the memory array. Therefore, the sum of signal transmission path times for 
selecting complementary bit lines of the memory mat and the signal transmission path 
from selected complementary bit lines to the input of the main amplifier MA through the 
input/output fine can be reduced to half of the one round trip path time because the signal 
transmission path according to the present invention only traverses the memory array 
even if either complementary bit line is selected. 

[0 1 32] In the layout as described above, it is fiirther advantageous that the 

end mats are aligned in the longitudinal direction of the chip close to the center of the 
chip. When the sense amplifier is placed in the one cross point method and in the 
staggered manner, the memory array ends with the memory cell. In other words, 
according to the conventional two cross points method, the memory array ends with a 
sense amplifier. Thus, the Y select line needs to be extended to the sense amplifier, on 
the other hand, according to the one cross point method as described in this embodiment, 
the memoi7 array ends with memory cell. Therefore, the Y select line can be terminated 
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at the sense amplifier array provided between a general mat and an end mat. 

[0 133] According to this configuration, a Y select line does not exist in 

the area where an end mat is formed. As a resuh, in the cross section in FIG. 3B, a 
second metal wiring layer M2 and a third metal layer M3 are used for the Y select line 
and the main word line. However, either one of the second or third wire used as the Y 
select line on the end mat is in the idle state. Thus, the second or third wire 
corresponding to the Y select line on the end mat may be used as a signal wire for 
peripheral circuits provided in the center part. 

[0 1 34] With an increase in the functions of the dynamic RAM, the 

peripheral circuits provided at the center of the chip needs to be configured wdth a 
random logic circuit and a more complicated signal line has to be formed, rather than a 
regular circuit configuration, such as a memory array. In other words, in the dynamic 
RAM, wires are extremely congested and many signal lines are needed. Therefore, using 
an area on the end mat as the wiring area can virtually reduce the number of wires in the 
chip center area. In the mat configuration as described above, nearly 100 signal lines can 
be formed, and nearly 200 wires are extended to the end mat array direction in the most 
congested area in the peripheral circuit. Therefore, it is meaningful to use the end mat as 
the wiring area. 

[0135] FIG. 25 is an overall block diagram of one embodiment of the 

dynamic RAM according to the present invention. Control input signals include a row 
.address strobe signal RAS, column address strobe signal/CAS, write enable signal/WE 
and output enable signal/OE, where 'V" is an over-bar of a logic symbol indicating the 
low level is at the active level. X address and Y address signals are input from a 
common address terminal Add in time series simultaneously with the row address strobe 

40 



o o 

signal/PAS and the column address strobe signal/CAS. 

[0136] The X address and Y address signals input through.an address 

buffer are captured by a latch circuit. The X address signal captured in the latch circuit is 
supplied by a predecoder as described above. The output signal is supplied to an X 
decoder and a select signal for the word line WL is formed. With the operation for 
selecting a word line, a readout signal as described above appears in the complementary 
bit lines of a memory array and a sense amplifier performs an amplifying operation. The 
Y address signal captured in the latch circuit is supplied to a predecoder as described 
above. The output signal is supplied to an Y decoder and a select signal for the bit line 
DL is formed. X and Y relief circuits store a failed address and compare the stored failed 
address and the captured address signal. If they match, the X and Y relief circuits 
instruct the X or Y decoder to select a spare word line to or bit line inhibit the selection 
of the regular word line or regular bit line. 

[0137] The one selected by the column switch circuit, not shown, is 

connected to the common input/output line and the stored information amplified by the 
sense amplifier is transmitted to the main amplifier. The main amplifier is, but not 
limited thereto, an amplifier, which can be also used as a write circuit. In other words, 
during the readout operation, readout signals read out through the Y switch circuit are 
amplified and output from an external terminal I/O through an output buffer. During the 
write operation, write signals input from the external I/O are captured through the input 
buffer, and transmitted to the common input/output line and the select bit line through the 
main amplifier. In the select bit line, the write signal is transmitted by the amplifying 
operation by the sense amplifier, and charges corresponding to them are held in the 
capacitor in the memory cell. 
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[0138] A clock generator circuit (main control circuit) generates each of 

various kinds of timing signals needed for the select operation for a memory cell, such as 
a capture control timing signal for an address signal input in with the signals /RAS and 
/CAS and/or an operation timing signal for the sense amplifier. An internal power supply 
generator circuit receives an operational voltage, such as Vcc and Vss, supplied from the 
power supply terminal and generates each of the internal voltages, such as the plate 
voltage, a pre-charge voltage, such as Vcc/2, internal step-up voltage VCH, intemd 
step-down voltage VDL, and substrate back bias voltage VBB. A refresh counter 
generates an address signal for refreshing and is used for the selection operation of the X 
system in the refresh mode. 

[0 1 39] In this embodiment, an end mat control circuit is provided. Thus, ^ 

when it is arranged that readinjg-out and/or writing-in are also performed on the end mat 
and when two word lines corresponding to end mats are selected, switching the main 
amplifier in accordance with it and switching the lO switch circuit for avoiding data 
collision as described above are also performed. When an end mat is used as a 
redundancy circuit, a word line of the end mat can be selected with a signal from the X 
relief circuit. Thus, the end mat control circuit can be replaced by that. 

[0 1 40] Operational effects, which may be obtained from the embodiments 

described above, are as follows: 

[0141] ( 1 ) A dynamic RAM according to an aspect of the present 

invention includes a plurality of memory mats including a plurality of bit lines, a plurality 
of word lines, and a plurality of memory cells coupled to the plurality of bit lines and the 
plurality of word lines, the plurality of memory mats being arranged in the direction of 
the bit line, and a sense amplifier array including a plurality of latch circuits being 
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provided in areas between the memory mats arranged in the bit line direction, 
respectively, and a pair of input/output nodes of which are connected to half of the bit 
lines provided in the memory mats. In this case, for a general memory mat other than 
both end portions in the bit line direction, word lines in any one of the memory mats may 
be activated while, for end memory mats provided on both end portions in the bit line . 
direction, word lines of both memory mats may be activated concurrently. Thus, an 
operational margin of the sense amplifier can be allocated, and, further, an area occupied 
per bit can be smaller as a result of effective use of the end mats. 

[0 1 42] (2) Further, a bit line in the end memory mat may be formed 

by using an area twice as long as the bit line pitch of the bit line of the general memory 
mat, and its length in the bit line extending direction may be shorter than the length of the 
general memory mat in the bit line extending direction. Thus, the occupied area in the 
end mat can be smaller, 

[0 1 43] (3) Further, a bit line in the end memory mat may be formed 

by being folded at a distance equal to or more than half of the general memory mat from 
a connection portion with the latch circuit of the sense amplifier array. Thus, the 
occupied area in the end mat can be smaller, and, further, the amount of signals can be 
larger when stored information is read out also from the end mat. 

[0 1 44] (4) Further, the end memory mat bit line may include a 

combination of a first bit line pair including two bit lines branching off at intervals twice 
as long as the bit line pitch from a connection portion with the latch circuit of the sense 
amplifier array and extending to a half length of the bit line of the general memory mat, 
and a second bit line pair extending linearly to half the length of the bit line of the 
general memory mat from the connection portion with the latch circuit of the sense 
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amplifier array and being folded back therefrom so as to be sandwiched by the first bit 
line pair. Thus, when wires are formed based on the phase shift method, the first and the 
second bit lines can be formed integrally. 

[0145] (5) Further, the gates of MOSFETs of two memory cells 

connected to one bit line may be connected to the word line of the end memory mat 
Thus, the occupied area in the end mat can be smaller, and, further, the amount of signals 
can be larger when stored information is read out also from the end mat. 

[0 1 46] (6) Further, the dynamic RAM may include a plurality of first 

complementary input/output lines extended along the sense amplifier array, and the sense 
amplifier array may include a pre-charge circuit for supplying a pre-charge voltage 
corresponding to a middle voltage of an operational voltage of the sense amplifier to the 
complementary bit line pair and a column switch MOSFET. Thus, each element needed 
for selecting a memory cell can be placed rationally. 

[0 147] (7) The dynamic RAM may further include second 

complementary input/output lines 1 and 2 in common in accordance with the plurality of 
memor>' mats, whereby first complementary input/output lines provided in a sense 
amplifier array corresponding to one end memory mat are connected to the second 
complementary input/output lines, and a selector switch whereby, first complementary 
input/oulput lines provided in a sense amplifier array corresponding to the other end 
memory mat are connected to the second complementary input/output line 1 when a bit 
line of a general memory mat is selected, and are cdrmected to the second complementary 
input/output line 2 when a bit line in the end memory mat is selected. Thus, data 
collision can be prevented for the end mat and data can be written in or read out. 

[0 148] (8) Further, word lines may be divided into virtually two sets 
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at a center memory mat provided in a center portion among memory mats placed in the 
bit line extending direction, and an operation for selecting a memory cell may be 
performed by combination of half of the bit lines in the center memory mat and bit lines 
in the end memory mat. Thus, data can be input/output for more memory ceils. 

[0149] (9) Further, a timing control may be performed so that the 

amplification speed of the sense amplifier gets slower when a word line in the end 
memory mat is selected. Thus, the reading out operation from the general mat can be 
matched. 

[0 1 50] (10) Further, the dynamic RAM may have a hierarchical 

structure including the word line including a main word line and a sub-word line divided 
into several parts in an extending direction of the main word line, and may further 
include a sub-word driver in accordance with the divided sub-word lines. Preferably, in 
this case, a plurality of the sub-word lines are allocated to the main word line, and the 
sub-word driver receives a signal of the main word line and a signal of a sub-word select 
line to select one sub-word line among a plurality of the sub-word select lines. 

[0151] (11) Still further, a memory cell provided in tlie end memory 

mat may be used as a redundant memory cell used for relieving a failed memory cell. 
Thus, the larger signal amount can allow a higher relief efficiency for failed word lines. 

[0152] (12) Further, a preparation operation for the word line selection 

in a row system selector circuit provided in accordance with the end memory mat may be 
performed at the same timing as a preparation operation for the word line selection in a 
row system selector circuit provided in a general memory mat. Thus, it allows faster 
memory access. 

* [01 53] (13) Further, a memory cell provided in the end meniory mat 
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may be as a redundant memory cell use for relieving a failed memory cell, and a driver 
circuit of the sub- word select line may be formed in a part of the area where a sub- word 
driver is formed and a bit line provided in an end memory mat corresponding to the 
driver circuit may be used as a dummy word line. Thus, an area occupied by the selector 
circuit in the end mat can be smaller. 

[0 1 54] (14) A dynamic RAM according to another aspect of the present 

invention includes a plurality of memory mats including a plurality of bit lines, a plurality 
of word lines, and a plurality of memory cells coupled to the plurality of bit lines and the 
plurality of word lines, the plurality of memory mats being arranged in the direction of 
the bit line, and a sense amplifier array including a plurality of latch circuits being 
provided in areas between the memory mats arranged in the bit line direction, 
respectively, and a pair of input/output nodes of which are connected to half of the bit 
lines provided in the memory mats. In this case, for end memory mats provided on both 
end portions, the bit lines may be used as a fixed voltage for keeping the MOSFET OFF 
for forming a reference voltage and an area equal to two bit line pitches for the bit Unes 
of the general memory mat may be used so that its total length and number of memory 
cells to be connected are virtually the same as the bit line of the general memory mat. 
Thus, the operational margin of the sense amplifier can be allocated and further the 
occupied area can be smaller. 

[0155] (15) Further, in that case, the bit lines in the end memory mat 

may be formed by being folded at a distance equal to half of the general memory mat 
from a connection portion with the latch circuit of the sense amplifier array. Thus, the 
operational margin of the sense amplifier can be allocated, and, further the occupied area 
can be smaller. 
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[0156] 



(16) Further, the end memory mat bit Ime may include a 



combination of a first bit line pair branching off at intervals twice that of a bit line pitch 
from a connection portion with the latch circuit of the sense amplifier array and 
extending to a length half that of the bit line of the general memory mat and a second bit 
line pair extending linearly to the length half that of the bit line of the general memory 
mat from the connection portion with the latch circuit of the sense amplifier array and 
being folded back therefrom so as to be sandwiched by the first bit line pair. Thus, when 
wires are formed based on the phase shift method, the first and the second bit lines can be 
formed integrally. 

[0 157] (1 7) Further, in this case, a plurality of sets of the plurality of 

memory mats may be provided in the bit line direction and in the word line direction in 
order to constitute one memory array. Also, preferably, at least two of the memory arrays 
are carried by a semiconductor chip, and a column selector circuit for forming a select 
signal of the bit line is provided adjacent to one end memory mat in a memory array 
corresponding to an end portion of the semiconductor chip. In addition, a wiring layer, 
which is the same as a wiring layer for transmitting a selector signal of the bit line on the 
other end memory mat, may be used as a part of a wiring layer of a peripheral circuit 
provided in a semiconductor chip center portion sandwiched by the two memory arrays. 
As a result, it can ease wiring in the chip center portion sandwiched by the two memory 
arrays. 

[0158] While the invention made by the inventor hereof has been 

described based on its preferred embodiments, it should be understood that the present 
invention is not limited to each of those embodiments, and that various chemges and 
modifications may be made without departing from the spirit and scope of the invention. 
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For example, the word line may constitute a two layer structure along with a metal layer 
instead of the hierarchical word line method. The input/output interface of the dynamic 
PAM may be adjusted for various devices such as DDR SDRAM and SDRAM. The 
dynamic RAM may be built in a digital integrated circuit. The present invention can be 
utilized widely for a dynamic RAM and a semiconductor device where sense amplifiers 
are arranged in a staggered manner based on the one cross point method. 

[0 1 59] Effects which can be obtained from the typical aspect of the 

present invention disclosed herein may be described in brief as follows: There are a 
plurality of memoiy mats including a plurality of bit lines, a plurality of word lines, and a 
plurality of memory cells coupled to the plurality of bit lines and the plurality of word 
lines, the plurality of memory mats being arremged in the direction of the bit line, and a 
sense amplifier array including a plurality of latch circuits being provided in areas 
between the memory mats arranged in the bit line direction, respectively, and a pair of 
input/output nodes of which are cormected to half of the bit lines provided in the memory 
mats, wherein, for a general memory mat, other th£in both end portions in the bit line 
direction, word lines in any one of the memory mats are activated while, for end memory 
mats provided on both end portions in the bit line direction, the word lines of both 
memory mats are activated concurrently. Thus, the operational margin of the sense 
amplifier can be allocated, and, further, the occupied area per bit can be smaller as a 
result of effective use of the end mats. 
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